Amphiphilic polymer carriers were formed by polymerizing a hydrophilic, pH-responsive hydrogel composed of poly(methacrylic -grafted -ethylene glycol) (P(MAA-g-EG)) in the presence of hydrophobic PMMA nanoparticles. These polymer carriers were varied in PMMA nanoparticle content to elicit a variety of physiochemical properties which would preferentially load doxorubicin, a hydrophobic chemotherapeutic, and release doxorubicin locally in the colon for the treatment of colon cancers. Loading levels ranged from 49% to 64% and increased with increasing nanoparticle content. Doxorubicin loaded polymers were released in a physiological model where low pH was used to simulate the stomach and then stepped to more neutral conditions to simulate the upper small intestine. P(MAA-g-EG) containing nanoparticles were less mucoadhesive as determined using a tensile tester, polymer samples, and fresh porcine small intestine. The cytocompatibility of the polymer materials were assessed using cell lines representing the GI tract and colon cancer and were non-cytotoxic at varying concentrations and exposure times.
INTRODUCTION
Chemotherapeutic agents are primarily administered intravenously for systemic delivery in the treatment against cancer and targets healthy and diseased tissue in an unbiased fashion. Because many chemotherapeutics are hydrophobic, low molecular weight agents, intravenous treatment has remained the chief delivery mechanism and more focus has been placed on targeting the chemotherapeutics as opposed to developing new delivery methods. New delivery methods, particular the oral delivery of chemotherapeutics, could make a dramatic impact to the medical community who administers the cancer treatments and the patients who endure the effects of the cancer treatments. [1] [2] [3] Oral chemotherapy has been discussed and presented in the past as systems where chemotherapeutics are delivered to the upper small intestine for subsequent uptake into the bloodstream, but only a small number show improved or equal efficacy to intravenous treatment. [4] [5] [6] [7] [8] [9] [10] [11] This research is focused on developing oral delivery strategies of chemotherapeutics for the direct, local delivery of chemotherapeutics to the colon for the treatment of colon cancer.
The local, oral delivery of chemotherapeutics to the colon maybe made possible by using pre-existing technology and biomaterials, by assembling them into novel structures and architectures that can elicit properties appropriate for the application at hand. [12] [13] [14] [15] Hydrogels, a type of biomaterial, are three-dimensional networks, insoluble in aqueous environments due to physical and/or chemical crosslinks, and able to imbibe large amounts of water or biological fluids which allow them to interact positively with human physiological systems. [16] [17] [18] More specifically, pH-Responsive hydrogels are a class of biomaterials that exhibit desirable physicochemical properties at specific pH ranges for the oral delivery of therapeutic agents. [19] [20] [21] However, the hydrophilicity of pH-responsive hydrogels would not be favorable to hydrophobic chemotherapeutics and would need to be modified with hydrophobic properties to be successful.
In addition to possessing amphiphilic properties, a pH-responsive hydrogel used for the oral delivery of chemotherapeutics needs to be able to load and release an encapsulated chemotherapeutic at amounts which provide therapeutic effects to the tumor. To achieve the proper concentrations, the pH-responsive hydrogel must remain collapsed in low pH conditions to prevent negative interactions the chemotherapeutic would have on the stomach and vice versa. A collapsed network will also prevent leakage or premature release which would ultimately result in insufficient quantities reaching the tumor site. Next, the pHresponsive hydrogel must expand or swell in neutral pH conditions to develop the necessary porous environment to allow diffusion of the encapsulated chemotherapeutic into the surrounding environment. Finally, the pH-responsive hydrogel must exhibit properties which can direct delivery to colon to achieve therapeutic levels of a chemotherapeutic for the treatment of colon cancer. Doxorubicin, an anthracycline antibiotic, is a chemotherapeutic which causes toxicity to cancer cells by intercalating between DNA and disrupting the replication process. 22 Unfortunately, the maximum lifetime dose is not to exceed 500 -600 mg/m 2 as cumulative cardiotoxicity associated with anthracycline treatment has been reported. 23 Therefore, great efforts have been made to modify doxorubicin for improved targeting, but still utilize intravenous delivery. Modifications with moderate success include Doxil ® (ALZA Corporation), a PEGylated version of doxorubicin loaded into liposomes, and LivaTag ® which uses poly(isohexyl cyanoacrylate) nanoparticles loaded with doxorubicin. [24] [25] [26] Research efforts, in the arena of the oral delivery of doxorubicin, have included polymer nanoparticles, dendrimers, lipid nanocarriers, and smart pectin hydrogels. [27] [28] [29] [30] Reducing cardiotoxicity of doxorubicin has also been explored through cardioprotective additives such as steroids, antioxidants, and antidiabetics. [31] [32] [33] [34] In this work, we combined the desirable characteristics of pH-sensitive, hydrophilic networks composed of poly(methyacrylic acid -grafted -ethylene glycol) (P(MAA-g-EG)) with hydrophobic poly(methyl methacrylate) (PMMA) nanoparticles to develop amphiphilic polymer structures for the oral delivery of doxorubicin. These polymer carriers were designed to provide local, direct delivery of doxorubicin to the colon for the treatment of colon cancer. Our understanding of P(MAA-g-EG) and its role in the oral delivery of therapeutics has been extensively characterized. [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] P(MAA-g-EG) contains methacrylic acid with a pKa value of 4.8 -4.9 which allows it to swell when it transitions from the stomach (pH 1 -3) to the small intestine (pH 5) and increase in the degree of swelling as it travels to the colon (pH 7 -8). P(MAA-g-EG) also contains ethylene glycol tethers to maintain a tight, collapsed network through hydrogen bonding. As for nanoparticles, their small nature exhibits characteristics different from their larger parent counterparts and can be used as polymer carriers themselves [45] [46] [47] or be incorporated in to the P(MAA-g-EG) network to develop new chemical and physical properties.
By incorporating varying amounts of PMMA nanoparticles in the P(MAA-g-EG) during polymerization, amphiphilic polymer carriers with a distribution of physical properties can be formed. Previously, these polymer carriers were investigated for their physical and chemical properties and their ability to load and release fluorescein, a model solute with properties similar to chemotherapeutics. 48 In this paper, PMMA's effect on the loading and release of doxorubicin, a common chemotherapeutic used in cancer treatment, was determined. The pH change from the stomach to the small intestine could be used as a trigger for releasing encapsulated therapeutic agents and is tested. Cytocompatibility of the polymer materials was assessed on cells which model the GI tract and colon cancer cells.
MATERIALS AND METHODS

Materials
Methacrylic acid (MAA), methyl methacrylate (MMA), tetraethylene glycol dimethacrylate (TEGDMA), 1-hydroxycyclohexyl phenyl ketone (Irgacure ® 184), ammonium persulfate (APS), dimethyl sulfoxide (DMSO), Dulbecco's Modified Eagle's Medium (DMEM), Roswell Park Memorial Institute Medium (RPMI), fibronectin, and ethanol were purchased from Sigma-Aldrich (St. Louis, MO). 10× phosphate buffer solution (PBS), sodium chloride, and hydrochloric acid were purchased from Fisher Scientific (Fair Lawn, NJ). Poly(ethylene glycol) monomethyl ether monomethacrylate (PEGMMA; 1000 g/mol) was from Polysciences Inc. (Warrington, PA). Doxorubicin was purchased from Selleck Chemicals (Houston, TX). Fetal bovine serum (FBS) and trypsin with EDTA were obtained from Hyclone (South Plainfield, NJ). 1× Phosphate Buffered Saline (PBS) without calcium or magnesium along with penicillin and streptomycin were from MediaTech (Manassas, VA). The 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-terazolium (MTS) compound was used for cell proliferation assays purchased from Promega (Madison, WI). Caco-2 and SW620 cells were obtained from American Type Culture Collection (ATCC, Rockwell, MD) and HT29-MTX cells were a gift from Dr. Thecla Lesuffleur, INSERM, Paris, France. All chemicals were used as received except for MAA which was vacuum distilled at 54 °C and 25 mm Hg prior to use to remove the inhibitor hydroquinone. Double distilled water was used in all studies.
Synthesis of P(MAA-g-EG) Hydrogels Dispersed with PMMA
P(MAA-g-EG) hydrogels were dispersed with PMMA nanoparticles by first forming the PMMA nanoparticles and then polymerizing the P(MAA-g-EG) hydrogel in the presence of PMMA nanoparticles and previously discussed in detail. 48 Briefly, PMMA nanoparticles were formed by combining MMA, APS, TEGDMA, and water and reacted for 3 hr at 75 °C. The nanoparticles were then dialyzed and freeze dried. Then P(MAA-g-EG) dispersed with PMMA nanoparticles was formed by combining MAA, PEGMMA, TEGDMA, Irgacure ® 184, and dry PMMA nanoparticles in ethanol and water. The solution was sonicated, purged with N 2 , placed between glass slides, and exposed to UV light (Dymax 2000-EC Light Curing System, Torrington, CT). The resulting P(MAA-g-EG) film containing nanoparticles was washed, punched into discs, or dried, crushed, and sieved into particles sized between 75 -150 µm for future use. Both particles and discs were dried in vacuum at 30 °C for 1 week. P(MAA-g-EG) hydrogels dispersed with 1, 2.5, or 5 wt% PMMA nanoparticles will be identified as P(MAA-g-EG)-1.0NP, P(MAA-g-EG)-2.5NP, P(MAA-g-EG)-5.0NP hence forth.
Loading Doxorubicin in P(MAA-g-EG) and P(MAA-g-EG) dispersed with PMMA Nanoparticles
Doxorubicin was loaded by equilibrium partitioning in the following manner: a stock solution of doxorubicin was prepared in 2 wt.% DMSO in 1× PBS (pH 7.4) at a concentration of 0.25 mg/mL. A 5 mg/mL concentration of crushed particles (75 -150 µm) of P(MAA-g-EG) or P(MAA-g-EG) containing PMMA nanoparticles to doxorubicin stock solution was allowed to stir slowly for 2 hr. The doxorubicin-loaded particles were filtered and rinsed twice with 0.1 N HCl and once with water to remove any loosely surfaceadsorbed doxorubicin. A fluorescent plate reader (Biotek Synergy-HT, Winooski, VT), operating at a 485 nm excitation and 590 nm emission wavelengths, determined the concentration levels and multiplying these concentrations by the volume at each loading step allowed us to calculated loading efficiency: (1) where M o is the initial doxorubicin mass in the solution and M f is the final doxorubicin mass after particles were soaked, but before rinsing because no considerable drug loss was detected after rinsing.
Doxorubicin Release from P(MAA-g-EG) and P(MAA-g-EG) dispersed with PMMA Nanoparticles
Release experiments were performed on a rotary mixer (Glas-Col, Terre Haute, IN) operating at 15 rpm which was placed in a dry oven (Fisher Scientific Isotemp Incubator Model 525D, Pittsburgh, PA) thermostated to 37 °C. For all doxorubicin release experiments, 1.5 mg of doxorubicin loaded P(MAA-g-EG) or P(MAA-g-EG) containing PMMA nanoparticles was added to 3 mL of 1× PBS (pH 2.0 or 7.4). For doxorubicin release in neutral pH, 1× PBS (pH 7.4) was used and over the duration of 6 hr, samples (100 µL) were taken and replaced with fresh 1× PBS to maintain doxorubicin concentration levels below 10 µg/mL so as to continually maintain a concentration gradient appropriate for doxorubicin release from loaded microparticles. Doxorubicin release in low pH was conducted in the same manner as neutral pH except 1× PBS was adjusted to a pH of 2.0 using 1N HCl.
A two-step pH change from low pH (2.0) to high pH (7.0) was used to model the physiological conditions and residence time of the stomach and small intestine. 49, 50 Doxorubicin loaded microparticles were first placed in 1× PBS at pH 2.0. After 90 min, 5N NaOH was added to increase the pH to 7.0 where release continued for 6 hr. Samples were obtained as above. The mass of doxorubicin released was determined by the fluorescent plate reader and reported as follows: (2) where M t is mass released at a given time and M ∞ is total mass released.
Cytocompatibility
Caco-2 and HT29-MTX cells were maintained in DMEM and are used as GI tract cell models. SW620 cells were maintained in RPMI media and were used as a colon cancer cell model. Both medias were supplemented with heat-inactivated FBS, penicillin, and streptomycin. Cytocompatibility experiments were performed in fibronectin coated 96 -well plates (Nunc, Rochester, NY). Caco-2, HT29-MTX, and SW620 cells were seeded at a
P(MAA-g-EG) and P(MAA-g-EG) containing PMMA nanoparticles were incubated with all cell lines for 2 hr at concentrations of 1 mg/mL, 2.5 mg/mL, and 5 mg/mL. P(MAA-g-EG) and P(MAA-g-EG)-5.0NP were also exposed to the same cell models at a concentration of 5 mg/mL for 6, 12, and 24 hr to determine cytocompatibility since these materials are designed to reside within the GI tract and not transport into the bloodstream. Cell viability was determined after the microparticles were removed, the cell lines rinsed three times with 1× PBS, and MTS assayed (CellTiter 96 ® Aqueous One Solution Cell Proliferation Assay).
Mucoadhesion
Mucoadhesion of P(MAA-g-EG) and P(MAA-g-EG)-5.0NP discs were determined by measuring the force required to de-adhere samples from fresh porcine upper small intestine. A texture analyzer (TA.XT plus, Stable Micro Systems, UK) and a mucoadhesive-testing rig (Stable Micro Systems, UK) were used to complete the tests. Before testing, samples equilibrated in 1× PBS adjusted to a pH of 7.0 for 24 hr and attached to a cylindrical probe.
Fresh porcine upper small intestine tissue was obtained immediately after slaughter at the local slaughterhouse and used within 2 -4 hr. Rectangle tissue samples were placed on the mucoadhesive rig, submerged in 1× PBS (pH 7.0) and thermostated to 37 °C. The probe and disc were attached to the texture analyzer, the polymer sample was lowered at a rate of 5 mm/min until a force of 5 g was sensed between polymer sample and tissue, then proceeded to lower at 0.1 mm/min until a force of 50 g was applied. After 5 min of static loaded force, the probe was withdrawn at a rate of 0.1 mm/min until it was fully detached from the tissue sample. Using texture analyzer software (Texture Exponent 32), the work of adhesion (W ad ) could be computed and used to compare mucoadhesive properties between samples.
RESULTS AND DISCUSSION
Synthesis of P(MAA-g-EG) dispersed with PMMA Nanoparticles
PMMA nanoparticles were first formed by utilizing a surfactant free polymerization technique. Then P(MAA-g-EG) hydrogels were formed by free radical UV-initiated polymerization in the presence of the PMMA nanoparticles to form pH-responsive hydrogels dispersed with PMMA nanoparticles. It was previously determined that the amount of nanoparticles present in the P(MAA-g-EG) hydrogel affected material properties and ultimately the ability to load and release hydrophobic therapeutic agents. 48 
Loading Doxorubicin in P(MAA-g-EG) and P(MAA-g-EG) dispersed with PMMA Nanoparticles
The amount of nanoparticles present in the P(MAA-g-EG) hydrogel corresponded to the loading efficiencies of doxorubicin. Loading efficiencies ranged from 49 -64% and increased with increasing PMMA nanoparticle content ( Table 1 ). The P(MAA-g-EG)-5.0NP contained the highest weight percentage of nanoparticles which resulted in the highest loading efficiency of 64 ± 1%. P(MAA-g-EG)-2.5NP also demonstrated a high loading level of 63 ± 3%. P(MAA-g-EG)-2.5NP's higher degree of swelling 48 allowed doxorubicin to imbibe more into the polymer network as compared to P(MAA-g-EG)-5.0NP. P(MAA-g-EG) possessed the lowest loading level due to the absence of hydrophobic nanoparticles. Weight percent loading ranged from 2.4 -3.1% and is defined as the percentage of doxorubicin (by weight) present in the polymer. Doxorubicin Release from P(MAA-g-EG) and P(MAA-g-EG) dispersed with PMMA Nanoparticles. In neutral pH, 90 -95% of doxorubicin released occurred over the course of 4 hr for P(MAA-g-EG) and P(MAA-g-EG) containing nanoparticles (Figure 1 ). These release profiles are expected since the pH of the release media is greater than the pKa value of MAA. M ∞ values were 39.0, 28.6, 29.4, and 33.6 µg for P(MAA-g-EG), P(MAA-g-EG)-1.0NP, P(MAA-g-EG)-2.5NP, and P(MAA-g-EG)-5.0NP, respectively.
The two -step pH model was used to relate in vitro behavior to in vivo behavior. First, doxorubicin loaded particles were released in pH 2.0 (1× PBS) for 90 min and then increased to pH 7.0 (1× PBS) for an additional 6 hr. P(MAA-g-EG) and P(MAA-g-EG) containing nanoparticles all released less than 27% of doxorubicin in the low pH conditions (Figure 2 ). After the pH was increased from 2.0 to 7.0, the remaining amount of doxorubicin released was completed within 3 hr for P(MAA-g-EG) and P(MAA-g-EG)-1.0NP and within 4 hr for P(MAA-g-EG)-2.5NP and P(MAA-g-EG)-5.0NP ( Figure 4) . P(MAA-g-EG)-2.5NP and P(MAA-g-EG)-5.0NP contain more hydrophobic nanoparticles which preferentially associate with hydrophobic doxorubicin, resulting in the delayed release in the pH 7.0 as compared to P(MAA-g-EG) and P(MAA-g-EG)-1.0NP. M ∞ values were 24.9, 17.6, 14.11, and 26.2 µg for P(MAA-g-EG), P(MAA-g-EG)-1.0NP, P(MAA-g-EG)-2.5NP, and P(MAA-g-EG)-5.0NP, respectively.
Release studies in low pH conditions were extended to 2 hr for P(MAA-g-EG) and P(MAAg-EG)-5.0NP samples to provide a reflection of doxorubicin release for longer gastric transit times in the stomach ( Figure 3 ). P(MAA-g-EG) and P(MAA-g-EG)-5.0NP both released 32% after 2 hr in low pH conditions indicating minimal increase in doxorubicin release for longer gastric transit times. Overall, P(MAA-g-EG) and P(MAA-g-EG) containing nanoparticles had reduced doxorubicin release in low pH conditions, which is advantageous for oral delivery of chemotherapeutics. M ∞ values were 11.02 and 9.98 µg for P(MAA-g-EG) and P(MAA-g-EG)-5.0NP, respectively.
Cytocompatibility
Caco-2, HT29-MTX, and SW620 cells were plated in fibronectin coated 96 -well plates and allowed to grow 48 hr before testing. The cell lines were exposed to increasing concentrations (1 -5 mg/mL) of P(MAA-g-EG) or P(MAA-g-EG) containing nanoparticles for 2 hr. No significant decrease in cell viability was observed for all P(MAA-g-EG) or P(MAA-g-EG) containing nanoparticles (Figure 4 ). Cell viability appeared low (80%) for HT29-MTX exposed to 5 mg/mL of P(MAA-g-EG), but visual inspection showed a small sheet of cells dislodged during the washing step.
The same cell lines were also exposed to P(MAA-g-EG) or P(MAA-g-EG) containing nanoparticles for 6, 12, or 24 hr at a concentration of 5 mg/mL. Longer residency times were tested since the design of these polymer carriers are not intended to transport into the bloodstream, but rather stay in the GI tract. Therefore, these polymer carriers should not exhibit toxic effects for the duration of their use. No cytotoxic effects were observed for these longer residency times ( Figure 5 ) indicating these microparticles should be noncytotoxic with human physiological systems and appropriate for oral delivery of chemotherapeutics. No toxic effects for the HT29-MTX with P(MAA-g-EG) at 5 mg/mL address any further concerns for the toxicity seen in the 2 hr study.
The results published here are in agreement with previous results testing the noncytotoxicity of the P(MAA-g-EG) hydrogel utilizing the same polymerization technique. [51] [52] [53] However, it should be noted that polymer materials with an increase in MAA content increase the number of carboxyl groups that could bind to Ca 2+ and result in levels too low to allow normal cell function to continue. This hypothesis was confirmed by increasing the molar feed of MAA:EG or AA:EG from 1:1 to 4:1 as well as increasing the P(MAA-g-EG) concentration up to 10 mg/mL using a 1:1 molar ratio. 17, 54 MAA in the ionized form and in high concentrations could also result in local acid microenvironments too harmful for cells.
Despite P(MAA-g-EG) history as a cytocompatible polymer, the introduction of PMMA nanoparticles could have influenced the overall cytotoxicity of the polymer carrier. From these studies, it can be determined that the addition of PMMA at these concentration levels did not harm the cells. PMMA use in the medical community is extensive and these results were expected.
Mucoadhesion
Using a tensile tester and mucoadhesive rig, the mucoadhesion of P(MAA-g-EG) and P(MAA-g-EG)-5.0NP was determined. The P(MAA-g-EG)-5.0NP was chosen because it demonstrated the highest loading efficiencies and most appropriate release profiles for oral drug delivery. In the results obtained from these experiments (Figure 6 ), the P(MAA-g-EG)-5.0NP demonstrated the lowest degree of adhesion and the P(MAA-g-EG) the highest (t-test, p < .01).
P(MAA-g-EG) was optimized to increase residency time in the upper small intestine by increasing its mucoadhesion through different lengths of the grafted PEG tether. [55] [56] [57] [58] [59] [60] [61] Increased mucoadhesion at the upper small intestine allows more time for an encapsulated therapeutic to transport from the GI lumen into the bloodstream ultimately affecting the bioavailability. However, by introducing PMMA nanoparticles and the hydrophobicity it imparts into the polymer system, the interaction of the mucosal surface with the polymer system is not favorable resulting in decreased mucoadhesion. Furthermore, the presence of the nanoparticles could have prevented or reduced PEG tether mobility which is critical to penetrating the mucin surface. Since the final target is colon cancer, decreased mucoadhesion is a positive attribute as it allows the polymer carrier to travel further and deliver its loaded contents closer to the final location.
CONCLUSIONS
P(MAA-g-EG) and P(MAA-g-EG) containing nanoparticles were designed to possess amphiphilic properties for the oral delivery of chemotherapeutics. The loading and release of doxorubicin verified these polymer systems could be used for oral delivery and to use the transition from the stomach to the upper small intestine as a physiological trigger to release its encapsulated chemotherapeutic agent. Release studies in neutral, low, and two-step pH environments provided an excellent representation of possible in vivo performance.
For the P(MAA-g-EG) containing PMMA nanoparticles, loading levels were increased from 49% for the P(MAA-g-EG) to 64% for P(MAA-g-EG)-5.0NP and increased with increasing nanoparticle content. For release studies, P(MAA-g-EG) and P(MAA-g-EG) containing nanoparticles kept doxorubicin release below 27% in low pH conditions. After shifting the pH from low to neutral, the remainder of doxorubicin was released over 3 hr for P(MAA-g-EG) and P(MAA-g-EG)-1.0NP and 4 hr for P(MAA-g-EG)-2.5NP and P(MAA-g-EG)-5.0NP. The larger amount of nanoparticles present in the latter couple helped extend doxorubicin release over 4 hr which could help improve more local release to the colon for colon cancer. Final doxorubicin concentrations were 17.59 -23.36 µg/mL with P(MAA-g-EG)-5.0NP being the highest.
In vitro assessments of P(MAA-g-EG) and P(MAA-g-EG) containing nanoparticles was determined through cytotoxicity and mucoadhesive experiments. Cytotoxicity was completed on Caco-2 or HT29-MTX cell lines which represented a GI tract model while SW620 operated as a tumor model. Concentrations of P(MAA-g-EG) or P(MAA-g-EG) containing nanoparticles, ranging from 1 -5 mg/mL, were exposed to all cell lines for 2 hr and determined to be cytocompatible. Long term exposures ranging from 6 -24 hr were also tested at a concentration of 5 mg/mL since the polymer systems are designed to reside within the GI tract and were also determined to be cytocompatible. Future studies exposing cells to both doxorubicin and the polymer carrier at the same time will help demonstrate that toxicity arises from the chemotherapeutic and not the polymer carrier.
Mucoadhesion experiments indicated that the P(MAA-g-EG) possessed the greatest adhesion and the P(MAA-g-EG)-5.0NP the least. Since P(MAA-g-EG) contains no nanoparticles to prevent or reduce tether mobility, the PEG chain was capable of penetrating the porcine small intestine mucosal surface and increased mucoadhesion. The presence of the nanoparticles also imparts a degree of hydrophobicity that does not interact favorably with a dominantly hydrophilic mucosal surface composed of 70 -90% of carbohydrates. 62 Based on these studies, P(MAA-g-EG) containing nanoparticles can serve as a good system for the oral delivery of chemotherapeutics for the treatment of colon cancer. Doxorubicin loaded P(MAA-g-EG) (♦), P(MAA-g-EG)-1.0NP ( ), P(MAA-g-EG)-2.5NP (▲), and P(MAA-g-EG)-5.0NP (○) crushed particles (75 -150 µm) were released in 1× PBS (pH 7.4) for 6 hr. Doxorubicin release is expressed as M t /M ∞ . Curves generated are n = 3 and error bars represent error propagation due to ratio of M t /M ∞ . M ∞ ranged was 42.5, 18.7, 29.4, and 33.7 µg/mL for P(MAA-g-EG), P(MAA-g-EG)-1.0NP, P(MAA-g-EG)-2.5NP, and P(MAA-g-EG)-5.0NP, respectively. Doxorubicin loaded P(MAA-g-EG) (♦), P(MAA-g-EG)-1.0NP ( ), P(MAA-g-EG)-2.5NP (▲), and P(MAA-g-EG)-5.0NP (○) crushed particles (75 -150 µm) were released in 1× PBS (pH 2.0) for 90 min. Then the pH was increased to 7.0 by adding 5 N NaOH and release continued for 6 hr. Doxorubicin release is expressed as M t /M ∞ . Curves generated are n = 3 and error bars represent error propagation due to ratio of M t /M ∞ . M ∞ ranged was 42.5, 18.7, 29.4, and 33.7 µg/mL for P(MAA-g-EG), P(MAA-g-EG)-1.0NP, P(MAA-g-EG)-2.5NP, and P(MAA-g-EG)-5.0NP, respectively. P(MAA-g-EG) (■) and P(MAA-g-EG)-5.0NP (□) discs were brought into contact with fresh porcine small intestine for 5 min, retracted slowly, the force measured with a tensile tester, and the work of adhesion computed Results demonstrate statistical significance (p < . 01). n = 3 -4 ± SD. Table 1 Doxorubicin loading efficiency and weight percent loading for P(MAA-g-EG) and P(MAA-g-EG) containing nanoparticles (75 -150 µm). 
